Abstract CD45 is a transmembrane protein tyrosine phosphatase, which in mammals plays an important role in T and B cell receptor and cytokine signaling. Recently, a catfish cDNA was shown to contain all characteristic CD45 features: an alternatively spliced amino-terminus, a cysteinerich region, three fibronectin domains, a transmembrane region, and two phosphotyrosine phosphatase domains. However, analyses of CD45 cDNAs from various catfish lymphoid cell lines demonstrated that catfish CD45 is unique in that it contains a large number of alternatively spliced exons. Sequence analyses of cDNAs derived from the catfish clonal B cell line 3B11 indicated that this cell line expresses up to 13 alternatively spliced exons. Furthermore, sequence similarity among the alternatively spliced exons suggested duplication events. To establish the exact number and organization of alternatively spliced exons, a bacterial artificial chromosome library was screened, and the catfish functional CD45 gene plus six CD45 pseudogenes were sequenced. The catfish functional CD45 gene spans 37 kb and contains 49 exons. In comparison, the human and pufferfish CD45 genes consist of 34 and 30 exons, respectively. This difference in the otherwise structurally conserved catfish gene is due to the presence of 18 alternatively spliced exons that were likely derived through several duplication events. In addition, duplication events were also likely involved in generating the six pseudogenes, truncated at the 3′ ends. A similarly 3′ truncated CD45 pseudogene is also present in the pufferfish genome, suggesting that this specific CD45 gene duplication occurred before catfish and pufferfish diverged (∼400 million years ago).
Introduction
The transmembrane protein tyrosine phosphatase, CD45, is found on the surface of all nucleated cells of hematopoietic origin, and its expression is crucial in lymphocyte development and function (reviewed in Hermiston et al. 2003; Justement 1997; Penninger et al. 2001) . In all species sequenced to date, the CD45 extracellular region consists of a heavily O-glycosylated linked variable amino-terminus, followed by a cysteine-rich region and three fibronectin type III (FNIII) domains. The transmembrane (TM) region is followed by a long cytoplasmic tail that contains the two tandem tyrosine phosphatase (PTP) domains (Hermiston et al. 2003) . Briefly, CD45 is primarily responsible for dephosphorylating the negative regulatory site of Src family kinases, making them active. More recently, CD45 has been shown to be a negative regulator of the Jak/STAT activation pathway. Of the two PTP domains, only the first has intrinsic phosphatase activity; however, both are required for optimal function Johnson 1998, 2000; HayamiNoumi et al. 2000) .
In humans and mice, up to eight potential CD45 isoforms are produced by alternative splicing of exons 4, 5, and 6 (or A, B, and C), and isoform expression is dependent upon cell type and activation and differentiation states (Justement 1997) . However, the functional roles of the various isoforms and their regulation are still poorly understood. Interestingly, the alternative splicing of amino-terminal exons to produce multiple isoforms is phylogenetically conserved. CD45 molecules have not only been identified in mammals (Hall et al. 1988; Saga et al. 1988 ) and in chickens (Fang et al. 1994 ) but also in various ectotherms. At the DNA/ cDNA level, CD45 was found in the horned shark, Hete-rondontus francisci (Okumura et al. 1996) , Pacific hagfish, Eptatretus stoutii (Nagata et al. 2002) , sea lamprey, Petromyzon marinus (Uinuk-Ool et al. 2002) , pufferfish, Takifugu rubripes (Diaz del Pozo et al. 2000) , carp, Cyprinus carpio (Fujiki et al. 2000) , and more recently, at both cDNA and protein levels in channel catfish, Ictalurus punctatus (Kountikov et al. 2004) . Among the different species, the TM and intracellular region sequences are the most conserved; however, only the general structural features of the extracellular region sequences are conserved, i.e., the variable amino-terminus, cysteine-rich region, and three FNIII domains. In chickens and sharks, three alternatively spliced exons have been identified, in hagfish and pufferfish, two have been found, and in carp, only a single cDNA is available so the number cannot as yet be determined. In contrast, catfish can express up to 13 alternatively spliced exons at the mRNA level, and both large and small isoforms are observed at the protein level (Kountikov et al. 2004 ). The present study describes the isolation and sequencing of the channel catfish CD45 functional gene, the finding of 18 alternatively spliced exons, and the identification of putative promoter elements in the 5′ UT region of the gene. In addition, six CD45 pseudogenes, which encode only truncated extracellular portions of the CD45 gene, have been mapped and sequenced.
Materials and methods

BAC library screening and sequencing
A channel catfish bacterial artificial chromosome (BAC) library, designated CCBL1, was screened by PCR using primer pairs specific for catfish CD45 (Table 1 ). This BAC library was prepared from a single homozygous gynogenetic catfish and provided 7.2× genome coverage. It was arrayed and stored by the Catfish Genetics Research Unit, USDA-ARS, Stoneville, MS (Quiniou et al. 2003) . The 15 μl PCR reaction contained 10 mM Tris-HCl, pH 9.0, 50 mM KCl, 1 or 2 mM MgCl 2 depending on the primer pairs, 400 nM of each primer, 67 μM deoxynucleotides, 0.1% Triton X-100, and 1 unit of Taq (Promega Corporation, Madison, WI). The PCR cycling protocol was 95°C, 3 min; 40 cycles of 95°C, 1 min; 55-59°C (depending on the primer set), 30 s; 72°C, 1 min; and final extension at 72°C for 4 min. The products were separated on 1.0% agarose gels and visualized by ethidium bromide staining. A total of three CD45 BACs were sequenced; two, 22E12 and 11J16, contained pseudogenes, and one, 129I5, contained the fulllength CD45 functional gene. The individual BACs were fragmented and cloned into plasmids using the shotgun method (Sulston et al. 1992) . Briefly, DNA from BACs 22E12 and 11J16 was prepared using the Qiagen LargeConstruct Kit (Qiagen Inc., Valencia, CA) according to the manufacturer's protocol. Fragments, 1-3 kb, were cloned into the pGEM-T vector (Promega). Plasmids were sequenced on both strands using universal forward and reverse primers by MWG Biotech Inc. (High Point, NC). A shotgun library for BAC 129I5 was prepared using the TOPO Shotgun Subcloning kit (Invitrogen Life Technologies, Carlsbad, CA). Briefly, 20 μg of BAC DNA was sheared for 30 s at 15 psi, blunt-end repaired, and dephosphorylated. DNA, 30-100 ng, was then ligated into pCR4Blunt-TOPO plasmid. Plasmids containing inserts of 1-2 kb were sequenced on both strands using universal forward and reverse primers by the USDA-ARS MSA Genomics Laboratory. Sequences were assembled into contigs using the Seqman II module of DNAstar v5.05 (Lasergene, Madison, WI). When necessary, contigs were extended by primer walking using gene-specific primers. BAC 11J16, containing an ∼192-kb insert, was assembled at 5.4× coverage; BAC 22E12, containing an ∼155-kb insert, was assembled at 4.6× coverage. Contig order and orientation were verified by PCR and by comparing restriction fragment sizes with the sizes predicted by sequencing. The catfish CD45 functional gene position and exon boundaries were defined by aligning BAC 129I5 with the CD45 cDNA sequence (AY366233) using the GeneQuest module of DNAstar v5.05 (Lasergene). The predicted acceptor and donor splice sites were also confirmed by comparison to the consensus splice sites cataloged by Mount (1982) . The two BACs, 11J16 and 22E12, when assembled over- 
Reverse-transcription PCR
To detect if multiple CD45 transcription initiation sites occur in catfish, RT-PCR was performed on cDNA from the catfish clonal B cell line 3B11 (Wilson et al. 1997) . Briefly, 1 μg of 3B11 total RNA was reversed transcribed using a primer, DC04 ( Table 2 ). The cycling protocol was as follows: 2 min denaturation at 95°C, followed by 32 cycles of 25 s, 95°C; 25 s, 52°C; 35 s, 72°C; followed by 2 min, 72°C. Precautions used to avoid the amplification of contaminating genomic DNA included treatment of RNA with DNAse (Invitrogen Life Technologies) using a reverse PCR primer that spanned CD45 exons 1 and 2. As a negative control, PCR was performed using DNAse-treated RNA that had not been reverse transcribed.
Results
Previous cloning and sequence analyses revealed that the catfish CD45 homolog can contain up to 13 alternatively spliced exons (Kountikov et al. 2004) . In order to map this potentially complicated locus, a catfish BAC library was initially screened with primer pairs that flank the CD45 alternatively spliced region. Nine positive BACs were identified; interestingly, these were shown by Southern blotting and PCR analyses to be overlapping and to contain CD45 pseudogenes that lacked the required PTP domains. Two overlapping BACs (11J16 and 22E12), which together contained six pseudogenes, were sequenced. To obtain the functional gene, the catfish BAC library was screened a second time with different primer pairs specific for the second PTP domain, the third fibronectin domain of the extracellular portion of the molecule, and the region directly 3′ of the TM (see Table 1 ). This screening strategy identified BAC 129I5 which contained the functional CD45 gene. In addition, this BAC also contained a gene similar to the serine/threonine kinase, NEK7. In humans and mice, NEK7 is located ∼600 kb 5′ of the CD45 gene. Similarly, in catfish, NEK7 is located ∼33 kb 5′ of the CD45 gene, demonstrating conserved synteny of these genes. The linkage between the functional catfish CD45 gene and the pseudogenes is currently unknown.
Catfish CD45 gene organization
The catfish CD45 gene spans ∼37 kb and consists of 49 exons ( Fig. 1) . Exon 1 and the first 39 nucleotides of exon 2 are untranslated; the remaining 3′ portion of exon 2 encodes the leader peptide (LP), a situation reminiscent of the human CD45 gene (Hall et al. 1988) . Similarly, exons 1 and 2 of the pufferfish CD45 gene are fused and the LP is encoded by its 3′ portion (Diaz del Pozo et al. 2000). As described previously, catfish CD45 cDNAs are unusual in that they were shown to contain up to ten alternatively spliced exons and RT-PCR approaches estimated that up to 13 may occur (Kountikov et al. 2004 ). Here, sequencing shows that 18 alternatively spliced exons are actually present. The first alternatively spliced exon (A) is encoded by exon 3 and separated from the other 17 alternatively spliced exons by a short 27-bp constant intervening exon (CI; exon 4). These 17 alternatively spliced exons (exons 5-21) are divided into four groups based on sequence similarity. The B group consists of exons #5 (B1), #9 (B2), #13 (B3), #17 (B4), and #21 (H or B5); C group consists of exons #6 (C1), #10 (C2), #14 (C3), and #18 (C4); D group consists of #7 (D1), #11 (D2), #15 (D3), and #19 (F or D4); E group consists of #8 (E1), #12 (E2), #16 (E3), and #20 (G or E4). The constant extracellular region of the molecule, which includes the cysteine-rich region and the three FNIII domains, is encoded by exons 22 through 31. Exon 32 encodes the TM region, and exons 33 through 49 encode the CD45 cytoplasmic region where two PTP domains are found. Exon 49 is the largest exon (1,436 nucleotides), albeit only the first 336 bp are translated. With the exception of the alternatively spliced exons, the exon/intron structure of CD45 genes is conserved between catfish, pufferfish, and mammals (Hall et al. 1988; Saga et al. 1988) , albeit the genes vary considerably in size. The human CD45 gene is 120 kb in length, the catfish CD45 is 37 kb, and in pufferfish, the CD45 gene is 12 kb. The pufferfish genome is very compact, ∼7.5 times smaller than the human genome due to short introns (Venkatesh et al. 2000) . In all three species, the CD45 genes contain a large intron between exon 2 (LP) and exon 3, ∼50 kb in mammals, ∼2.2 kb in pufferfish, and ∼3.8 kb in catfish. Table 3 compares the exons that encode the conserved extracellular and intracellular regions of CD45 molecules in catfish, human, and pufferfish. The exon number and length of the intracellular and TM regions are remarkably consistent between these three species, which is not surprising since sequence identities in these regions are high, i.e., ≥51% at the amino acid level for the intracellular region and ≥70% for the TM (Kountikov et al. 2004) . In contrast, the extracellular exons vary in length and exon fusions are found. Catfish exon 22, human exon 8, and pufferfish exon 4 represent the shortest CD45 exons in these species and are found directly 3′ of the alternatively spliced exons. Although human exon 8 has been shown to be alternatively spliced at the mRNA level (Chang et al. 1991; Tsujikawa et al. 2000; Virts et al. 1998) , catfish exon 22 and pufferfish exon 4 are found in all cDNA transcripts sequenced to date (Diaz del Pozo et al. 2000; Kountikov et al. 2004) . Catfish exon 23 (225 bp) and puff- 31  64  15  61  12  61  32  109  16  109  13  109  TM  33  35  17  35  14  38  34  101  18  110  15  110  35  91  19  90  16  91  36  65  20  78  17  77  37  37  21  37  18  37  PTP DI  38  98  22  98  19  98  39  126  23  126  20  126  40  158  24  158  21  158  41  136  25  136  22  136  42  147  26  150  23  150  43  88  27  91  24  91  44  134  28  134  25  140  PTP DII  45  135  29  135  26  135  46  123  30  123  27  117  47  161  31  179  28  158  48  136  32  136  29  136 ] from the other alternatively spliced exons and is encoded by exon 4 which is 27 bp in length. The corresponding exon in human CD45 is exon 3, which is also 27 bp in length and is always found expressed, i.e., it is not alternatively spliced. The sequence 5′ of catfish CD45 is quite different from mammalian and pufferfish 5′ CD45 regions. For example, in mice and humans, there are multiple transcription initiation sites, but no TATA box sequences have been found (Saga et al. 1987 (Saga et al. , 1988 . However, promoter sequences are found in the small intron 1 in human and mouse CD45 genes (Timon and Beverley 2001) . There is no equivalent to this intron in pufferfish, and no potential promoter sequences in the pufferfish have been currently identified (Diaz del Pozo et al. 2000) . In contrast, catfish CD45 has identifiable TATA and CAAT boxes. These are located 156 and 199 bp, respectively, 5′ of the start of catfish CD45 cDNA (accession #AY366233). Of 18 full-length CD45 cDNAs identified by 5′RACE (Kountikov et al. 2004 ), all were found to initiate between +110 and +140 bp (downstream) of the TATA box suggesting that transcription initiation is TATA independent. To examine if additional CD45 initiation sites exist, PCR reactions using forward primers specific to nucleotides found −220 to +144 of the TATA sequence in combination with a reverse primer located 262 bp 3′ of the TATA box (Table 2) were performed. Results show an intense band when the forward primer at +144 of the TATA sequence was used and weaker bands using forward primers at +23, +45, and +70 (Fig. 2) . No, or very faint, bands were observed using forward primers at −220, −101, −25, or −5. Taken together, while the results are by no means quantitative, they suggest that there are at least two CD45 initiation sites, i.e., a TATA-independent site (at position +110 to +140) and another possibly TATAdependent site (at approximately position +23).
Catfish CD45 alternative spliced exons
The high sequence identities between the alternatively spliced exons of catfish CD45 and their order in the genome suggest that they are likely the result of a series of gene duplications of a BCDE block (Fig. 3a) . Within an individual group, exons are either identical or highly similar. For example, group C exon identities range from 98 to 100% and group E exon identities range from 77 to 100%. Such high identities prevent a minimum duplication unit or a history of duplications from being established, although it can be speculated that the more diverse exons in a group, exons H (B5), F (D4), and G (E4), have an earlier origin than the other members of their respective groups. Likewise, it could be that the group members showing high identity became homogenized through gene conversion events. The higher sequence identities between exon group D and E members (84-88%) infer a common origin. A common origin or duplication event(s) is also suggested by the sequence identities of the introns. For example, Fig. 3b shows a dot plot alignment of exons F (group D) and G (group E). These two exons and fragments of the neighboring introns (totaling 156 bp) exhibit 70% identity at the nucleotide level.
Catfish CD45 pseudogenes A cluster of six CD45 pseudogenes spanning 230 kb is found at the 3′ end of the scaffold for the overlapping catfish BACs, 11J16 and 22E12 (Fig. 4a) . They appear to have evolved through a series of duplication events and are named according to their order in the scaffold. All six are truncated copies of the 5′ end of the functional gene. ψCD45-1 is the shortest pseudogene and consists of exon 1 through the CI (exon 4). The other ψCD45 genes have either lost or partially deleted their alternatively spliced exons but kept most of the remaining extracellular exons intact, albeit with some variation (Fig. 4b) . ψCD45-2 contains only exons A and H, whereas ψCD45-4 contains exons F and H and ψCD45-6 contains exons A, B and H. ψCD45-3 contains exons A, B, F, G and H, whereas ψCD45-5 contains exons A, B, G, and H. As for the nonalternatively spliced exons, ψCD45-4 lacks exon 32 (the TM exon) and ψCD45-3 lacks exons 30 and 31 that encode for the third FNIII domain and exon 32 that encodes the TM.
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RT-PCR of RNA from catfish 3B11 cells utilizing unique forward primers found between −220 and +144 of the TATA box and a reverse primer (DP20) spanning the junction of CD45 exons 1 and 2.
Lanes are labeled according to the forward primer used and its location relative to the TATA sequence. As a control, PCR was performed using the UP22 forward primer and DP20 reverse primer and DNAse-treated 3B11 RNA
The CD45 pseudogene duplication boundaries were determined by aligning the scaffold sequence with itself and with the functional CD45 gene. Basically, the pseudogenes are in two blocks of 121 and 105 kb. The first block consists of a long ∼66-kb fragment containing ψCD45-1, followed by two shorter fragments (∼27 and ∼28 kb) containing ψCD45-2 and ψCD45-3, respectively. The second block consists of the ψCD45-4 fragment which is ∼55 kb in length, followed by the two shorter ∼28-kb ψCD45-5 and ∼22-kb ψCD45-6 fragments. It seems likely that this block duplication is the more recent event as compared to the duplication event(s) that created the three pseudogenes with- in the blocks. This notion is supported by the observations that both long fragments share a 3′ ∼30-kb intron stretch that is 60% identical and that both ψCD45-1 and ψCD45-4 lack a IpTc1/Mariner transposable element present in the others. Deletions as well as insertions have also occurred in introns throughout the CD45 pseudogene region. For example, a 1.3-kb deletion is present between exons 3 and 4 in all six pseudogenes implying that it was an early event before the duplications occurred. Likewise, a 0.3-kb insertion in intron 27 occurs in all pseudogenes except ψCD45-3. Since CD45 pseudogenes had not been previously reported in other species, the finding of six catfish pseudogenes is surprising. Thus, in order to determine if the catfish was unique in this aspect or if such pseudogenes exist in other teleosts, the available Fugu database was analyzed, i.e., the extracellular region of pufferfish CD45 was used the functional CD45 genes from pufferfish, catfish, and human (accession #NT_004487, nucleotides 1-89353). Sequences were aligned using CLUSTALW (Thompson et al. 1994) , and variability of the sequences was assessed with the help of the MEGA 2.1 program (Kumar et al. 2001 ) by using synonymous and nonsynonymous substitutions estimated by Kimura's two-parameter model (Kimura 1980) . The phylogenetic tree was drawn by the neighbor-joining method (Saitou and Nei 1987) using the MEGA 2.1 program based on Kimura's two-parameter distances for nucleotide sequences. The topological stability of the tree was assessed by 500 bootstrap replications in a BLAST search of the Fugu rubripes genomic assembly v.30 (http://www.genome.jgi-psf.org/fugu6/fugu6.home. html; Aparicio et al. 2002) . This search identified a single scaffold, 2810, on the minus strand that contained a single CD45 pseudogene linked to the CD45 functional gene (data not shown). The scaffold consists of three contigs. Contig 1 is a 19-kb contig containing the 3′ portion of the functional gene. Contig 2 is a 1.5-kb contig containing at its 3′ end 109 bp of the 5′ portion of the CD45 functional gene as reported by Diaz del Pozo et al. (2000) . Contig 3 is a 5.8-kb contig containing the CD45 pseudogene. As with the catfish CD45 pseudogenes, the pufferfish CD45 pseudogene lacks the exons encoding the cytoplasmic portion of the molecule. It consists of exons 1 through 13 (TM) with all of the alternatively spliced exons (exons 2 and 3) and part of exon 12 (0.2 kb) deleted. Overall, the organization of the pufferfish pseudogene is very similar to that of the catfish homolog suggesting that the pseudogene duplication occurred before the two species diverged. When the CD45 pseudogenes and their corresponding functional genes are compared in a phylogenetic tree, the results indicate that the pseudogenes in the two species are more closely related to their functional counterparts than to each other (Fig. 4c ). In addition, the branching of the tree supports the notion of the catfish CD45 pseudogene block duplication event discussed above, i.e., ψCD45-3 branches with ψCD45-6, ψCD45-2 branches with ψCD45-5, and ψCD45-1 branches with ψCD45-4.
Discussion
In conjunction with the previous report of channel catfish CD45 molecules, this study reveals an unexpected complexity of the catfish CD45 gene. There are 18 alternatively spliced exons in the CD45 gene, and 13 of these were identified earlier by cDNA sequencing (Kountikov et al. 2004) . All the exons are in-frame and appear functional with viable splice acceptor and donor sites with the same splicing phase. It is hypothesized that these alternatively spliced exons are the result of a series of intragenomic duplications of a block of four exons. Furthermore, the presence of exons F (D4), G (E4), and H (B5), which are more diverse than their respective D, E, and B alternatively spliced exon counterparts, in the catfish pseudogenes suggests an early origin of these exons. In contrast, the CD45 genes of other species contain fewer alternatively spliced exons. Mammals have three, and there is evidence at the mRNA level that two more, exons 7 and 8, may be alternatively spliced (Chang et al. 1991; Tsujikawa et al. 2000; Virts et al. 1998) . Similarly, in chickens and sharks, there are three alternative exons, whereas in pufferfish and hagfish, there are only two. The reason for such a high number of alternatively spliced exons in the catfish is unknown. One possibility may be that the higher original number of five alternatively spliced exons (exons A, B, F, G, and H plus the CI) in the catfish compensated for each exon's smaller size. For example, catfish alternatively spliced exons range in size from 66 to 90 bp with an average size of 80 bp. In comparison, the alternatively spliced exons A, B, and C in human CD45 range in size from 141 to 198 bp with an average of 161 bp, and in the pufferfish, exons are 127 and 99 bp. The smallest catfish CD45 isoform (AY366213) sequenced to date from the catfish clonal B cell line 3B11 contains three alternatively spliced exons plus the CI. In comparison, the smallest isoform from a clonal T cell line contains no alternatively spliced exons but does contain the CI. The longest cDNAs (AY366227, AY366220, AY366219, and AY366214) are from 3B11 B cells, and they contain ten exons plus the CI (Kountikov et al. 2004) . Of the various functional models proposed for the different mammalian CD45 isoforms, one suggests that the size of CD45 plays a role in cell-cell interactions (reviewed in Justement 1997).
Another model suggests that O-linked glycosylations of the alternatively spliced exons regulate CD45 dimerization effecting phosphatase activity, i.e., extensive glycosylation creates a negative charge that physically impedes dimerization, so that one molecule cannot block the catalytic center of the other molecule, thereby inhibiting phosphatase activity (Xu and Weiss 2002) . However, until more is known about CD45 function, it is difficult to determine how and if these models apply to the multiple long CD45 isoforms found expressed in the catfish. It should also be noted that the currently available anti-CD45 mAbs do not permit determining which of the catfish 18 alternatively spliced exons are expressed at the protein level. When the remaining nonalternatively spliced exons of the catfish CD45 gene are compared to those of the human and pufferfish CD45 genes, very few structural differences are seen. Exon sizes are shorter in the catfish (Table 3) as the result of shifted splice sites (exons 23 and 24), and some exons have short deletions within the coding region. The other difference is the acquisition of the intron creating catfish exons 28 and 29. No such event occurred in the human and pufferfish CD45 genes or in the pufferfish CD45 pseudogene. These two exons and intron are also present in five of the catfish CD45 pseudogenes, suggesting that the intron may have been acquired after speciation of the catfish and pufferfish ∼400 millions years ago.
In addition to the 18 alternatively spliced exons, other distinguishing features of catfish CD45 are the presence of the putative TATA and CAAT boxes upstream of the functional gene and the truncated six pseudogenes. No TATA boxes have been found upstream of the human (or mouse) and pufferfish CD45 genes, although a sequence with weak promoter activity has been identified within mouse intron one (DiMartino et al. 1994) , and a sequence with strong activity but no tissue specificity has been identified in human intron one (Timon and Beverley 2001) . Whether or not the putative promoter elements found 5′ of the catfish CD45 gene are functional remains to be determined. The six sequenced catfish CD45 pseudogenes and the identification of the pufferfish pseudogene are the first reports of CD45 pseudogenes in any species. These pseudogenes are rather similar in their organization in that they lack exons encoding the intracellular domains, and the genomic region containing the alternatively spliced exons has undergone deletions. However, unlike the pufferfish pseudogene where the two alternatively spliced exons are both deleted, the catfish pseudogenes contain at least one. In addition to exon A, exons B, F, G, and H are found, although in different combinations. The level of structural conservation between the pseudogenes may suggest that the duplication creating a CD45 pseudogene occurred before catfish and pufferfish speciation. However, phylogenetic analyses indicate that the pseudogenes in the two species are more closely related to their corresponding functional gene than to each other; perhaps gene conversion events resulted in homogenization of the pseudogenes with their respective functional genes. Such events or processes have been documented to occur with other immune genes, and recently, gene conversion has been proposed as the mechanism responsible for the μCH1-like δCH1 exons in the IgD genes of artiodactyls (Zhao et al. 2002) . Alternatively, pseudogenes lacking exons encoding the intracellular portion of CD45 may have emerged independently in the two fish lineages. The reason for the large number of CD45 pseudogenes in the catfish is unknown. Another example of multiple pseudogenes occurring in the catfish is found in the immunoglobulin heavy (IgH) chain locus. There are three copies of Igδ constant H chain genes each linked to an Igμ gene or pseudogene. Two of the δ genes have been completely sequenced and are expressed, and the third is truncated but the exons are intact. Tc1/ mariner-like elements, which are highly represented in catfish (Henikoff 1992) , are also present in the catfish IgH chain locus, and it has been suggested that they may have been involved in the duplications (Bengten et al. 2002) . The presence of multiple transposon sequences flanking the CD45 pseudogenes as well as three transposon sequences within the alternatively spliced region of the functional gene suggests that they may have contributed to the duplications.
In summary, although the organization and overall features of the catfish CD45 gene are conserved, the results presented here illustrate three unusual characteristics of the gene. The first is the presence of 18 functional alternatively spliced exons, the second is the existence of a probable functional TATA box, and the third is the occurrence of at least six CD45 pseudogenes in the catfish genome. Since previous studies have shown that catfish B cells express larger isoforms and catfish T cells express smaller isoforms, it is anticipated that future studies employing various catfish lymphoid cell lines, CD45 isoform primers, and mAbs will enable for a better understanding of the presumed strict regulation of alternative splicing in this complex gene.
